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A STATEMENT OF THE PROBLEM 


Some wide variations exist in the permitted 
use of artificial sand as the fine aggregate in het mix 
bituminous pavements in New York State highways. These 
variations from District to District range from complete 
acceptance of the material through decreasing percentages, 
to complete rejection of artificial sand and the require- 
ment that 100 percent of the fine aggregate be made up 
of natural sand, At the present time, no basis for the 
establishment of these specifications seems to be in 
existenee except the judgement of the Engineer, 

This wide variation was brought to our attention 
by the New York Bituminous Producers Association, Inc. 
in December of 1961, The concern of the producers is 
primarily a factuei ome. It is desired to know if these 
 individuel specifications are based on technical considerations, 


properties of local materials or characteristics of the mix, 
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SCOPE 


The scope of this study was civeksed in a 
proposal presented to the New York State Bituminous 
Concrete Producers Association and explained by the 
following as a plan of study; 

| "A PLAN FOR THIS STUDY 

Phase (A) To gather information concerning 
the present practices of various highway organizations 
in regard to the use of artificial sand. 

Phase’ (B) To determine from the literature 
what studies have been conducted concerning the use of 
sand sige aggregate resulting from the crushing of 
quarried rock. 

Phase (€) To conduct tests upon bituminous 
mixes designed Mat Vareirk Sercentecds of artificial 
and natural sands makeing up the fine aggregate content 
of the mix. 

4. Laboratory samples 
2. Field samples 

Phase (D) To correlate the information obtained 
in order to evaluate the position of this type of aggregate 
in the production of asphaltic conerete and its limitations 
if any. 

The phases of this study indicated above are so | 
interdependent that the details of operation are difficult 
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to establish at this point. Both phase C and D must develop 
from the information obtained in phases A and B, | 
It is therefore proposed that phase A and phase B 
be presently undertaken. 
Phase (A) The gathering of information shall be 
done by correspondence with and interviews with the various 
New York State Division Engineers and Engineers in corres- 
ponding positions in other states. ) 
(1) Information shall be sought coneerning: 
(a) The permitted use of artificial ageregate. 
(>) The type of natural and artificial aggregates 
available within the area, 
| (2) Samples of these available aggregate shall 
be obtained, 
(3) where possible, samples of actual mixes being 
jaid on highways under various conditions 
of design will be taken and cataloged for 
dater testing, | 
Phase (3) Concurrent with Phase (4) a library 
. research program will be conducted to examine the literature 
for information and data resulting from any previous evabuation 
of sand size aggregate artificially manufactured which may 
have been made. 
) Sources: Asphalt Institute 
Portland Cement Association 
Highway Research Board , 
Am, Assoc, State Highway Officials, etc. 
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Upon the completion of the above phases A and B, 
the continuance of the study into phases C and D ean be 
more completely detailed. 

At this point, a detailed proposal for the testing 
and analysis will be presented as the conclusions from 


phases A and B," 





PROCEDURE 


The questionnaire and letter shown th Append + A 
was sent to all of the producer members of the New York 
State Bituminous Concrete Producers Association to determine 
what percent of artificial sand was being used by their 
plants. The results of this ganeti connie defined the limits 
of permitted artificial sand from 20% to 1004 and located 
each in their respective Districts (Exhibit 1, Appendix A). 
A summary of the answers from 21 questionnaires is shown 
in Appendix &. 

As a result of this preliminary investigation, the 
following approach was undertaken: 

A. Interviews with all District Engineers or 
Materials Engineers were conducted to gather information 
concerning the present practices of the ten Districts in 
regard to the use of artificial sand. Emphasis was placed 
on the philosophy, background, basis and future plans of 
these specifications. 

B. Top mixes, New York State 1-A & 1-AC armorcoat, 
‘were sampled from most Districts in order to conduct tests 
upon these mixes designed with varying percents of artificial 
ae natural sands making up the fine aggregate content of 
the mix. 

GC. A - Survey of: current! liters ture: wes conducted. 


to determine what studies had been made concerning the use 
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of sand size aggregated resulting from the crushing of 
quarried rock, Skid resistence and stability were the main 
objects of most of the reports presented in the following 
sources: 

Asphait Institute 

Association of Asphalt Paving Technologists 


Highway Research Board. 
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INTERVIEWS WITH DISTRICT ENGINEERS 


A. Background Material on Practices of DPW Districts Relative 
to Aggregates for Asphaltic Concrete 





The state bes Bix garda nd axons 1A, 480, Gh, 
2B, 3A, and 5A. For each mix, it designates limits of 
gradation of aggregate, and asphalt eenueirt content. ‘Fine 
aggregates (passing 1/8" sieve) are classified as "a", “b", 
ee a or we" depending on soundness test results, and 
(for clasaes "a" and "b") percent content of keolin, quartz, 
and feldspar. Fine aggregates can be clean natural sand, 
rock sand or rock screenings crushed from approved stone, 
or slag stone, or combination, Only “a®, "bp", “e", or “a® 
fine aggregates are permitted for asphaltic concrete. 
Mineral filler (the portion of approved aggregates passing 
No. 200 screen) can be limestone dust, portiand cement, 
diatomaceous earth, flyash or other approved material. 

Witnin the framework of the standard state 


specifications (1957 Edition) the Districts have considerable 


». freedom to custom-tailor to their local preferences. They 


ean of course operate as desired within the gradation and 
asphait content limits for the given standard mixes. They 
may not relax the State specifications but they are permitted 
to make them more rigid (unless expressly forbidden to do 
so). They may designate special mixes: e@.g., one district 


has recently made considerable use of Item 51X, which is a 
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variation of Item 51, the standard pay item for a 1A mix. 
Mix design is not static. Distriets have found 
it desirable from time to time to exercise their given 
discretionary powers to meet local conditions of aggregate 
avallability, climate, workability of mix and pavement 
performance. No pavement job is perfect and sometimes 
@ Single bad stretch of pavement has been the cause for 
specification changes applied to many subsequent projects. 
The lecal specification differences which are of 
concern in this report have to do with the percentages of 
fine aggregate which is required to be “natural sana”. 
Within the past Ma? décen years, several of the Districts 
have established minimum percentages for “natural sand" 
in surface courses, either directly or indirectly through 
the process of elimination. There is no restrictioncon 
binders. While the State does not completely define 
"natural sand”, it appears to be that mineral aggregate 
whieh occurs in its natural state in particles passing 
1/8 inch sieve and is not a product of artificial crushing 
or grinding. Usually "natural sand" is largely composed 
of quartz ant feldspar, in which case it is synomomous with 
"silica sand". "When quarry rock is crushed, the fine 
particles are ealled *pook screenings". When "rock 
screenings" are clean and meet requirements for gradation, 
they may be properly called “artificial sand”. ‘Hence ali 


artificial sand is made from "rock screenings”, but not 
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@11 “rock screenings" can be properly called “artificial 
sand", though some people use the two terms as though of 
identical meaning. In New York State, the most common 
coarse aggregates come from limestone, trap rock, dolomite 
and sandstone, hence these are the sources also of "rock 
screenings" and “artificial sand". Obviously, the sandstone 
would yield "rock screenings" high in silica and could be 
 @lassed as “a" or "b", whereas "rock screenings" from the 
other sources would of necessity be classed as "ec", "da", 


? 


op %e*, 


B. Comments of Individual Districts 
In the interviews with District Engineers and 

. Materials Engineers, three definite factors were given for 
establishing minimum natural gand minimum percentages: 

(1) skid resistance, (2) gradation control, (3) workability. 

| District #7 (Watertown) reported that several 

years ago it had experienced extreme slipperiness on Route #11. 
Addition of a Kentucky rock asphalt surface treatment (highly 
recommended in many parts of the United States for de~slicking 
pavements) only worsened the slipperiness. Further experimenting 
euininated in substantial changes in mix design ag follows: 

(1) mineral filler content was reduced; (2) asphalt content 
wes viens: (3) silica sand Was substituted for practically 
all of the sand-size aggregate which previously had been 

rock sereenings. These changes were incorporated into Special 


Item 51X now widely used by this District. Item 51X does 
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not mention "natural sand". It says that "...at least 35% 
of Top Course shall consist-of sand whose Quartz and 
Feldspar content shall be at least 75%,and the gradation 
shall conform with the N. ¥. State Specification for 
econerete sand...." Since Item 51X ealis for 40% of the 
mixture weight to be minus 1/8", in effect 35/40 or 87-1/24 
of the fine aggregate (including mineral filler) is required 
“to be silica sand. (It should be noted that sandstone 
rock screenings would be permissible under this specification. 
Usually, however, sandstone screenings fail to meet other 
tests,,henee for all practical purposes Item 51X calls for 
natural sand to the exclusion of nearly all of the artificial). 
‘In District #8 (Poughkeepsie), for about five years, 
natural sand has been required aw a@ means of quality control- 
specifically control of gradation and impurities such as 
clay and orgenie material. The District is very conscious 
of the distinction between “rock screenings" and true 
“artificial sand". The District feels that very few of the 
producers are capable of producing truly graded, clean 
"artificial ganda" and inetead the bulk of the producers want 
to use the entire minus 1/8" fraction of the erushed quarry 
rock in the mix, with the result that the gradation of the 
fines fluctuates from day to day, too rapidly to compensate 
py adjustment of ‘the asphalt content. Natural sand, on the 
other hand, has bude blessed by Nature with more eoridtetent 


eradation resulting in better uniformity in the final mixture. 
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The District feels that the minimum-maximum limits of the 
‘State specifications are too far apart, hence quality 
control is best assured by the use of natural sand. In 
addition, the District fools. that even with true “artificial 
wieiealia the mix is less workable than with naturai sand; 
"artifietal sand” particles are more elongated than the 
characteristic cubical shape of natural sand. However, 
this harshness is much less important to the District than 
the matter of gradation, as Sridemted by the fact that 
one or two plants are permitted to use 50% artificial sand 
where they have shown satisfactory evidence of their | 
ability to preduce true "artificial sand". The district 
points out that natural sand deposits are plentiful in the 
area, and henee costs no more than artificial sand, The 
District is of the opinion that there is a ready market 
for “rock screenings” and "artificial sand" for purposes 
other than in asphaltic concrete; however, this opinion is — 
mot shared by at least one producer, who also feeis that 
he ean supply true “artificial gana" cheaper than "natural 
sand" and thereby save dollars to the taxpayer. 

Distriet #9 (Binghamton) agrees with District #6 
as to the nature of the shortcomings of "rock screenings”. 
in this district, much of the available quarry rock is 
sandstone, hence the rock screenings are silica materials, 
but do not satisfy the other requirements for class “a” or 
"pb" sands. For major roads, the District requires 100% 
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"a" or "b" sands; for secondary roads, it requires a minimum 
of 70% "a" or "b" sands but would like to be permitted by 
Albany headquarters to require 100% for secondary roads, 
too, The District readily agrees that the cost of natural 
sand is greater than "rock screenings” since there is 
practically no natural sand within the District. Bub it 
defends its policy vigorously as necessary to obtain 
acceptable quality in its asphaltic mixes. 

Distriet #2 (Utica) adopted a 508 natural sand 
requirement only a few months ago, It agrees with Districts 
#3 and #9 as to the lack of consistency of gradation of 
artificial sands, and also the harshness of the resulting 
mixes(“unworkable”)., In general, this District seems less 
positive in the matter than Districts #8 and #9. 

Distriet #5 (Buffalo) has no restriction on 
"apti ficial sand" in the 1A mixes, but restricts to 20% 
its use on the less common @A (urban areas) and 2B (bridge 


decks) mixes. District officials were not sure of the origin 


Of this requirement of some five years standing, but felt 


that it must have been due to some fault in gradation which 


was troublesome with the finer 2A and 2B mixes but not with 


the 1A mixes. Complicating the picture is the fact that 

in the southern part of the District, the natural sands are 
deficient in certain size fractions, notably the #80 size, 
which thus needs some artificial sand blended with it to 


eorrect this deficiency. 
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| District #6 (Hornell) has no restrictions on 
the use of "artificial sand" but it is in the peculiar 
position of having had little experience with artificial 
sand, The reason for this is that there are no commercial 
rock quarries in the District (the native sandstones 
being under deep overburden) hence all erushed stone must 
be imported from other Districts. Since naturei sand pits 
are located much closer than the rock quarries, asphait 
conerete producers have always used natural sand voluntarily, 
because of the savings in freight. cost. 

District #1 (Albany), #4 (Rochester) and #3 iyeaanne) 
have no restriétions on “artificial sand" although District #3 
is not wholly satisfied with the eeadatioe. 

District #10 {Sebylon) has no restriction on the 
use of artificial sand, but have had little experience with 
the use of it, dwe the abundant supply of natural sand. 
it was implied that they would not like to use 100% artifietal 
Sand, and, in the event 1¢ was used, special quality control 
woula be exercised, 

The above information appears in tabular form in 


‘fable #1. 
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TECHNICAL EVALUATION OF VARIOUS SOURCES 


Marshall Compaction equipment was taken to most 
districts, and an average of nine marshall specimens were 
compacted of top mixes from the pug mill of each plant. 
Six by eight inch rectangular specimens were also compacted 
by @ modified Hubbard-~Field procedure in hope to be able 
to run laboratory skid tests on the mix. 

The laboratory skid tests were not run on these 
specimens, but saved in the event of future testing. The 
laboratory compaction techniques have not been perfected 
to reproduce the actual rolled pavement surfaces. The 
surface texture and densities of the specimens did not 


Simulate the actual conditions. At most only relative 


i) 


values of skid coefficient could be expected from this 
approach. 

The most valuable data comes from the Marshall 
design test procedures, where stability, flow, and percent 
voids can be analyzed. 

it is possible to attain a high degree of 
control in an asphalt laboratory where the quantity of each 
ingredient of the mix formula is known to be accurate, and 
hence specific comparisons can be made. In an asphalt hot 
mix plant, however, the control is much less exact. Hence 
only the most general conciusions can be drawn from the 


data obtained. 
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LABORATORY RESULTS 


Conclusions 

® Voids. The most significant conclusion of 
the laboratory analysis is the low percents of air voids 
in those mixes with the natural sands. Marshall design 
criteria calls for 2% -~ 6% with 44 as optimum. Most of 
the specimens compacted with the fifty blow Marshall 
procedure had a void content below 4%, Those mixes with 
natural sand had void contents from 0.5% to 2.5%. The 
low void content is a function of the asphalt content, 
gradation and workability, The more worxable mixes will 
compact readily with little resistance to compaction, This 
condition is primarily a function of the particle shape 
and gradation of the aggregates. The gradation range 1s 

fixed and the great difference lies in the shape of sand 
particles, The low void content is a definite disadvantage 
in the surface courses, as any traffic compaction or thermal 
-expansion will introduce bleeding and rutting in the 
pavement. This was observed during Marshall compaction of 

3 some of the rich mixes. The bleeding asphalt would have a 
tendency to creep up the sides of the collars. 

The artificial sand mixes were more harsh, and 
resisted compaction enough to allow the proper void content. 
We cannot say this exists in the pavement, but feel the 
fifty blow Marshall is comparable to field compaction, in 
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no case did we notice any evidence of aggregate crushing 
or breaking during bennnstden. | 

| % Voids Filled. In most cases those mixes with 
natural sand had a high @ voids filled, which is accompanied 
with the low void content. The Marshall criteria is 
75-85 of the aggregate voids filled with asphalt cement. 
Most of the natural sand mixes had a percent voids filled 
well in the 90's, | | 
Marshall Stabilit , Most of the Marshall 





Stabilities ren higher with the artificial sand, but not 
Bpignifieantly nigher . This could be caused by greater 
interlocking of the aggregates, There is no recommended 
upper limit for Marshall Stabilities; however, extremely 
high stabilities can be a disadvantage as it has a tendency 
to make the pavement 400 rigid. Consequently, any movement 
in the substrata will cause cracks in the surface, 

| Flow, The Marshall flow is a measure in 1/100 

ef an inch of the deformation of the specimen at maximum 
load. This also is a relative value of rigidity in the mix. 
The maximum recommended by the Asphalt Institute for 100 
psi tires is 20 with no stipulation as to a minimum. All 
of the natural sand mixes had higher flow values than the 
artificial sand mixes thus showing a greater tendency of 
the natural sands to move and reorient before a permanent 


yheld of the compacted mix. Excessive flow in 4 mix is a 
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definite indication that the mix will groove or develop 
ruts under traffic load, Flow values between 13 and 20 
are assets to any pavement, thus allowing it to deform 
without cracking, The natural sand mixes had flow values 
in a range from i7 to 24 with an average of 19.7. This is 
very close to the upper limit to be accepted without 
further study, 

No recommendation ean be based on these few 
tests as to the use of natural or artificial sands or a 
combination of the two, However, a definite trend is pre~ 
valent, and more extensive testing of this nature should 
be eonducted at each plant in order to make adjustments 
in the mix, Due to the wide spectrum of local material 
that exists in New York State, it appears feasible that 
these materials can be used in asphalt concrete mixes, 
provided each element will satisfy the quality ¢eontrol 
established, 

A summary of the laboratory results from Appendix B 
is shown on the following pages, 19 and 20, 
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REVIEW OF CURRENT LITERATURE 


The three most important controversial arguments 
as to the use of artificial sand over natural sands are 
(1) economics (2) skid resistance (3) workability. 

Economics. The economics of the natural sands 

depend primarily upon the available sources and the trans- 
portation cost. “In Appendix Cis a list of New York State 
“Department of Public Works approved sources of concrete 
‘sands. The sands are classified in the a, b, ¢, and 4 
eyes which are acceptable for asphaltic concrete. Most 
| district engineer's offices have available for distribution 
copies of approved sources of fine aggregate for their 
district. These lists change quite frequentiy; therefore, 
it is recommended that a producer in need of this material 
procure a more recent list from his district engineer's 
orrice. 
| Maps of New York State showing some quarry locations 
and fine aggregate natural sand sources are included in the 
cover page. The Stone Quazyry map shows both potential and 
operating sources of artificial sands. These are available 
through the New York State Department of Public Works. 

Skid Resistance. Excerpts from the First Inter- 
national Skid Prevention Conference held in September 1938 
at Charlottesville, Virginia, are referred to when pertaining 


to the use of natural and artificial sands. 
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Results of Trial Mixes, Workability is associated 
with the voids analysis and stability, Data from trial 





laboratory prepared mixes of varying percentages of natural 
sands are presented, This data was taken from the publications 
of the Association of Asphalt Paving Technologists and the 
Highway Research Board, 

Four references are reviewed as the most important 
to this study, A list of the references reviewed are in 
Appendix C, These references were recommended by Mr, Charles R, 
Foster, NBCA'ts Coordinator of Research and Miller-Warden 
Associates, Consultants, Raleigh, North Carolina, 
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FINDINGS 


At the beginning of this study, one of the investi- 
gators expected that the matter of slipperiness ‘init turn 
out to be the dominant factor behing the reatrictions on 
the use of artificial sand, Largely as a result of tests 
and recommendations made by Virginia, at least three other 
states (Kentucky, Tennessee and Georgia) have recently 
restricted the use of artificial sand to curb slipperiness 
 @apising from the polishins of the relatively soft limestone 
particles. It is interesting to note that still more 
recently, Virginia has conceded that subsequent tests 
revealed no significant superiority of natural sand over 
artificiel sand in the matter of slipperiness. 

However the study has revealed that only one 
‘District (#7) is restricting artificial sand due to 
Slipperiness. It is to be noted that on its worst case of 
Slipperiness the District topped off the pavement with some 
four pounds of iron mine tailings p=r square yard broadcast 
on the surface after the breakdown rolling. It is intereating 
to speculate whether this surface treatment might not have 
been responsible for the curing of the silpperiness rather 
than the substitution of naturel sand for artificial. 

But the chief reason for the restrictions on 
artificial sand has turned out to be the unsatisfactoriness 


of the gradation, Since the State specifications establish 
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gradation limits, it may be difficult to understand why 
gradation control cannot be maintained under these limits. 
The answer to this as given by the Districts is that for 

any given project a "job mix" is worked out built around 

the gradation of the source or sources of the aggregate 

to be used; but if this aggregate gradation is erratic, the 
final product will not be uniform, The investigators agree 
with this argument but feel that this does not mutomatieally 
point to the necessity of restricting of “artificial sand", 
but only to the restricting of “rock screenings", It would 
seem reasonable that if an individual producer of artificial 
sand can produce consistent gradation as desired, then it 
would be in the best interests of the State of New York to 
permit that producer to use that artificial sand; this action 
could hardly be justification for a charge of favoritiem. 

The previous sentence was predicated on the supposition that 
there does exist suitable equipment and procedures for pro+- 
ducing a consistently true “artificial sand"; the investigators 
have not studied this question, but would recommend such a study 
as the next phase, now that the policies of the several Dis-~ 
tricts are known, 

As to the third factor cited as reason for restricting 
the use of “artificial sand" ~ workability - the investigators 
have not analyzed this question either, and recommend it for 
study. Off-hand, it seems strange that after many years of 
experience using artificial sand, we should only recently have 
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awakened to the fact of its unworkability; but such may be 
the case, In any case, it should be a relatively simple 
matter to compare workabilities of natural sand mixes vs. 
ertificial sand mixes, preferably on an actual pavement 
project and with the cooperation of contractor~producer and 
District representatives, 

The investigators are not so naive as to assume 
that some experiments along these lines have not already 
been made within the Districts: but the fact is that some 
of the producers are convinced that artificial sand 4s not 
inferior to natural sand. The investizeters have met with 
good cooperation by District officials throughout the study 
thus far, and they believe that they would continue to enjoy 
the cooperation of the Districts in the joint experiments as 
previously mentioned, It is recognized that it is the pre- 
rogative of the District, not the producers, to make decisions 
in such matters but that obviously the District stands to 
gain if decisions can be made more palatable or at any rate 


more understandable to the producers. 
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Technical Evaluations, Workability has been 
defined as a condition of the mix that permits it to 
compact and handle easily. Good workability has been 
associated with those mixes having 50 to 100 percent 
natural sand. It is quite reasonable to expect rounded 
particles to compact easier than sharper, elongated ones. 
The voids analysis showed this to be quite true. However, 
there is a limit to how dense an asphalt concrete pavement 
should be compacted, This has been established at 4% air 
voids. Most of the natural sand mixes had vold contents 
below 4%. The artificial sand appeared to resist compaction 
enough to provide for 44 air volds. 

The percent aggregate volds filled with asphalt 
cement was considerably higher among the natural sand 
mixes, ‘The designs call for 804 voids filled. Most of the 
natural sand mixes were well in the 90's. This is an 
undesirable characteristic of a too workable mix. 

The average Marshall Stability ran higher wihh 

the artificial sand mixes than the natural sand mixes. The 
higher stabilities 1s best explained by the keying or 
interlocking of the aggregates. 

Higher Marshall flow values were characterized 
by the natural sand mixes. This is further evidence that 
the particles are freer to move in the natural sand mixes 
due to the particle shape. This would lead one to expect. 


more grooving in natural sand mix. However, a certain amount 
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of movement or deflection is necessary for flexible 


pavement particularly in the top courses, 
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Library Research, In the majority of the 
investigations conducted in the laboratory and in the field, 
the primary objections were to determine relative differences 
in the types and gradations of various aggregates. These 
types were correlated as to their skid resistance and 
stability qualities. ) 

lyvirginie conducted probably the most comprehensive 
study on their pavements and overlays. They held the First 
International Skid Prevention Conference in 1958. The 
Research reports presented at this conference concluded» 
that slipperiness was not a funetion of the sand size 
aggregates but primarily a factor of the polishing 
characteristics of the coarser aggregates. it was found 
that a sand paper finish of a silica sand mix,,which is 
highly resistant to abrasion, would hold er carry thin 
fiims of water that cause a high speed tire to aquaplane. 
The more open or rough textured surface allows the water 
to drain around the surface particles and thus provides a 
more jagged surface to resist skidding. As a result of 
this hypothesis, polishing coarse aggregates, such as 
limestone and dolomite, have been restricted from the top 
COUrBES « 

@Marshall and triaxial compression tests were 
run on prepared trial mixes of varying percents of natural 
sand. These tests concluded that higher stabilities were 
1, Skid Resistance - Appendix ¢ 
2, Results of Trial Mixes - Appendix C 
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not a result of high densities, The natural sands produced 
the higher densities, The higher strengths of the artificial 
sand mixes were quite pronounced in the triaxile tests 
yunning usually 125 pounds above the natural sand mixes which: 
was approximately 25% of testing range. 

The volds analysis showed both natural and crushed 
sand to be very similar, This was primarily due to the fact 
that the crushed particles were the same aggregate type and 
had the same specific gravity as the natural sands, 
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RECOMMENDATIONS 





As a result of these studies, the following recommendations 


are proposed: 





i, That the New York State Bituminous Concrete Producers 
Association continue the present study by: 

(a) An investigation of the feasibility of attaining 
consistent quality (including gradation) in the 
production of artificial sands in existing aggregate 
plants in this state, This study should include 
equipment and techniques to produce desired and 
uniform gradations in manufactured sands, The 
shape and physical structure of the graded particles 
&s weil as aggregate classification should be included 
in this study, 

(b) An investigation of the relative workabilities of 
natural sand mixes versus artificial sand mixes, 

(c) An investigation of the relative skid resistance 
of natural sand mixes versus artificial sand mixes, 

(d) An extension of the stability/flow/void testing begun 
under the present study. 

2. That the New York State Bituminous Concrete Producers 
Association, the New York State Department of Public 
Works, The Asphalt Institute, and Rensselaer Polytechnie 
Institute jointly sponsor a periodic "short course” in 
asphalt technology for the benefit of plant personnel. 
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This short course might consist of five all-day sessions 
in some off-season part of the year. — 


3, That the New York State Bituminous Concrete Producers 


Association, the New Yor’: Stete Department of Public 
Works, The Asphalt Institute, and Rensselaer Polytechnic 
Institute jointly sponsor & seperate "short course” in 


asphalt technology for the benefit of plant inspectors 


and materials engineers from all districts of New York 


| ‘State, These men would be made aware of the most recent 


thinking on mix design, the best approach to quality control 
at the plant and on the road, At such meetings recommenda- 


othe tions eould probably be made which. might lead te more uniform 


requirements throughout the state, 

A Research and Development program of the New York State 
Bituminous Conerete Producers Association, Inc, should be 
organized under their control and jurisdiction, This 
program could propose etudies of other problems that are 
of common interest to each producer, as well as provide 
advice and counsel for individual problems, Individual 


‘problems could be solved in a consulting capacity and 


thus could be independently financed. 
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APPENDIX A 


The following letter and questionnaire was sent to 
all of the producer members of the New York State Bituminous 
Concrete Producers Association on April 5, 1962, 


Dear ( ): 

Coneerning a study of practices in regard to the 
materials used in asphaltic concrete being made for the New 
York Bituminous Concrete Producers Association, we should 
like your cooperation in gathering certain information. 

The basic reason for this study appears to be a 
variation in the requirements imposed by the District Engi- 
neers of the various districts in New York State. We are 
interested in attempting to analyze these requirements im- 
posed and determine whether or not there are logical reasons 
for the variation in the type of sand sized aggregate which 
is allowed, 
" The first information we must have is just what is 
the extent of the variations that the producers find exist in 
the various districts of the State, We would therefore appre- 
clate it if you would fill out and return the enclosed question- 
naire concerning the practice that you heave encountered in 
doing asphaitic ¢onerete paving in the various district of 
New York State, 

Thank you for your cooperation in this matter, 

Very truly yours, 
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The following is a tabulation of answers by 


districts received from 23 questionnaires, 


QU STIONNAIRE 
Please indicate the answers to the following three 





questions in the tabulation below, 
(a) Do you find that sand size aggregate in asphal- 
tic concrete ls restricted to only natural sand? 
(b) If the answer to (a) is no, do you find that 
100 per cent substitution of artificial sand is 


permitted? 
(ec) if the answer to (p) L8 no, what per cent of the 
) q gand size aggregate is allowed to be artificial 
Ve sand? 
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-|We have heard that in 


gechain instances this 
practice has been 


modified somewhat. 


In base 

50% of -1/2" material 
must be natural sand 

to inerease skid resist- 
ance and to make a 
tougher pavement. 


Providing gradation equals 
Specs. 
For Items 52A and 523, 
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Ae Ee | Understanding is that 80% 
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Item 45 8X, 51 52 binder. | 
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Unconfirmed reports say we 
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future. | 
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nad but does permit above. 


Only natural sand can | 


| meet gradation, 


>} Assume he means 65% natural 


sand required, Did not 
check (b) - assume no. 


We find that our Type A 


Artificial Sand is effect- 


ively barred from use in 
District 9. 
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the use of crushed gravel 
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ae * 100%] Mt. Vernon Plant uses 
Pah ope Mt | natural sand only, | 
Baldwin,L. I. uses 25% 
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j understand other plants 
jon L. 1. accomplish same 
| Job with 100% artificial 
sand, 
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SUMMARY (23 Reports) 


No problem permits 100% Artificial Sand. 
Requires 50% in Top course. 


Allows 100¢ Artificial Sand in base course, 





Permits 100% Artificial Sand in base. 
Requires 50% Natural Sand in 52A and 52B. 


No problem permits 100% Artificial Sand. 


- Allows only 20% Artificial Sand in Item 52. 


Allows 100% Artificial Sand in base and binder, 
Statement made that gradation requirements cannot 
be met for @A or 2B with Artificial Sand. 


No problem permits 100% Artificial Sand. 
One report says Natural Sand 100% (22) 


District 7 ~_No problem except hearsay that in some instances 


District 


8 » 





this has been modified, 


Reporte not uniform: 
3 report 100% Artificial Sand permitted. 
1 reports 50% Natural Sand required in top. 
1 reports rumor that plants will have to 
blend in the future, 


District 9 - Maximum of 30% Artificial Sand permitted. 


Statement that gradation not satisfactory with 
Artificial Sand, 
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~ District 10 - No problem 100% Artificial sand permitted. 


3 No problem. 100% Artificial Sand allowed 
3 50% Natural Sand required, 
1 70% Natural Sand required, 
1 80% Natural Sand required. 


2 Seem to be variations. 
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OURCE OR LOCATION OF SAMPLE Cold Mix DATE RECEIVED 6/22/62 
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RGGREGATES & MIXTURES 
District #2 


sern Rock Products Company 404 Court Street, Utica, New York 
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SKID RESISTANCE 





Skid Resistance.+ The physical characteristics 
of aggregates vary considerably; perhaps the hardness 
factor is the most important. A limestone, being . 
sedimentary rock, has a hardness of 3 in Mohr's hardness 








scale, A natural sand, being predominately quartz, will 

have @ hardness at T. This is quite relevant to the 

polishing characteristics of the aggregate; and consequently, 

affects the skid coefficient. Limestone dust ean be a 

problem as it is practically impossible to remove. Although 

most of this is used as mineral filler, Lt as difficult 

to control by percent of mix, 

Summary of Skid Coefficient by Major Aggregate Types = 
{Pavement wet, &O mph) 





eo No, of gources of Sites Range Average 
LE AN He EEE TOMMY SEC ANN 
‘Siliceous Gravel*— 2 a4 243~ 52 474 
Trap Rocks (Diabase)* 2 115 035-259 A476 
Granites* 4 114 -43-.68 «525 
Coarse sena** 9 e{9 46-72 2313 


Fine Sand*** 





#is found in i+3 por He 2 mines or Mixed-in-place treatments. 
##i15 found in F-1 mixes 
*##as found in deslicking mixes, (See Figure 1), 


1 "Relative Skid Resistance of Pavements Surfaces based on 
Michigan's Experience", by E. A. Finney and M, G. Brown. pg. 439 


2 "Purther Studies of Skid Resistance of Virginia Pavements", 
by F. P. Michols, ais 
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Figure i. Typical Virginia plant mix gradings. 
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Conclusions drawn from this report are that 
Slippery pavements will develop from aggregates which are 
susceptible to polishing, regardless of the texture. This 
Was based on the principle that a dense sand paper textured 
surface will hold a film of water, and high speed traffic 
tires will have a tendency to aquaplane. On the other hand, 
@ coarse or open mix will allow the heavy rain to drain 
between the surface aggregate. In 1954 resurfacing contracts 
required that 50% of the fine aggregate be a non-polishing 
silica sand. Some of these ran up to 100% silica sand. ‘The 
results are shown below in Table III. 
TABLE III, RESULTS OF STOPPING DISTANCE TESTS ON 
i+3 MIXES CONTAINING POLISH~RESISTANT 
' ENE AGGREGATE, LAID IN 1954 
(Pavement Wet, 40 mph) 


Traffic® @ Stopping Distance, Feet 
Route County VPD Sand 9 months 24 months 48 months 


s) 102 128 101 
21 Wythe 1150 20-25 93 135 107 
40-50 99 132 oT 
0 123 144 125 
33 Roeck- 3500 20-25 109 136 107 


ingham 
Den iy | 40-50 110 126 | 110 
*average deily traffic fiscal year 1957-59. 


As can be seen from Table ITI, little benefit 








was gained from adding polish resistant fine aggregate. 
“the factor which seems to have the greatest effect on 
slipperiness of wat pavements, then, is the aggregate with 
which a pavement is built.” 
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AS @ result of these tests, Virginia will no 
longer allow the use of limestone or dolomite aggregates 


in the surface course, 


C~d 


& 
om 


aes 





RESULTS OF PRIAL MIXES 


tin This report by P. Ay Wedding & R. D, Gaynor y 
an overall picture of the affect of ageregate particle shape 
was investigated. Variations in asphalt content, geuvarats 
grading, percent crushed particles in the coarse aggregate 
and types of sand (natural or erushed) were analyzed. For 
our purposes, only the later variation at optimum asphalt 
content were extracted from the report. Figure 2 shows 
the gradations used on these trial mixes. Quartzite gravel 
Was used for natural and erushed aggregate and sand sizes. 
The apparent specific gravities were the same 2.66 for 
each size and type. Therefore, particle shape was the 
oniy variable here. The results are plotted in Figure 3. 

Stability. Stability was substantially higher 
for the crushed sand condition and not too high to preduce 
@ semi-rigid condition, This is significant in that the 
densities are generally lower for the crushed sand, This 
is an evidence of better keying in the sand sizes, 

Void Content. The void content is higher for the 
natural sands but not significantly so; and only occurs 
with the 35% sand ratio. This small variation shows little 


affect between the two sands. 





1 "The Effect of Using Crushed Gravel as the Coarse and 
Fine Aggregate in Dense Graded Bituminous Mixtures”, "*, 
P. A. Wedding & P. D. Gaynor AAPT Vol. 30, 1961, pg. 469 
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Unit Weight, The unit welght was not significantly 
higher for the natural sands which usually runs parailec 
with Marbhall Stability. This similarity in unit weight and 
difference in Marshall Stability is a very definite comparison 
of the two sands. The natural garde havine the higher unit 
weight show their ability to compact into a more denser state 
than the artificial sands, This is related to the particle 
structure, the natural sands being more rounded will .flow 
more readily than an angular particie, This could be termed 


a more workable condition, 
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ithe triaxial-compression method was used to 
measure the strength of various aggregate and combinations. 
These results are plotted as straignt lines. Mohr's rupture 
envéiope appears to be a curved line with low confining 
pressures, but practically assumes a straight dine at 
nisner confining prensives. For this reason, no confining 
pressures less than 15 p.8.i1. were used. denfining pressures 
of 15 and 45 p.s.i. were used on the dense mix. Crushed 
limestone and gravel were used as the aggregates. Natural 
sand and crushed limestone sand with cement as the mineral 
filler comprised the fine sizes. A 60 - 70 penetration 
asphalt cement at 6.0 - 5.5% of total weight was used as 


optimum asphalt conbent. 


TABLE I | 
Material Passing Dense Grading 
Coarse aggregate 3/4" 7,0 
) 1/2 9.0 
3/8 16,0 
Fine aggregate a 7.0 
6,0 
10.0 
16. 19,0 
50 9.45 
LO0 10,9 
Cement 200 6.5 


L"Effect of Aggregate Shave on Stability of Bituminous Mixes", 
py M. Herrin and W. H. Goetz. Proceedings Highway Research 
Board, 1954. pe. 298 
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The crushed stone sand gave compressive strength 
considerably higher than the natural sands as can be seen 
from the results of the triaxial test. This type of testing 
is a funetion of cohesion and angle of internal friction. 

It is obvious that these two values would be considerably 
higher for a rough surface texture than for a smooth 


pounded surface particle, 
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